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ABSTRACT
Economic impact studies revealed that the sugarcane 
borer, Diatraea saccharalis (F.), reduced sweet sorghum 
yield of total sugars up to 46% in artificially infested 
field trials. A significant relationship was found between 
D. saccharalis damage and yield loss that indicated an eco­
nomic injury level of 10% bored internodes. Stalk weight, 
percent sucrose, and total sugars were negatively correlated 
to D. saccharalis damage; and increased fiber content was 
positively correlated to percent bored internodes. Infor­
mation from damage levels, along with survival records, 
indicated that the economic threshold was reached when 
approximately 5% of the sweet sorghum plants contained small 
D. saccharalis larvae in their leafsheaths.
Comparisons of the predator-prey relationship between 
sweet sorghum and sugarcane plots revealed that the arthro­
pod predator composition was similar for both crops, but 
predator abundance in sugarcane was 4- and 16-fold greater 
than that found in sweet sorghum during 1985 and 1986, re­
spectively. Predator habitat disruption associated with 
cultivation practices in sweet sorghum and sugarcane is 
important in this relationship. The red imported fire ant, 
Solenopsis invicta Buren, was the dominant arthropod 
predator found in pitfall traps and canopy samples of each 
crop. Based upon pitfall trap determinations, carabid 
larvae, cicindelids, and the Araneae were significantly more
viii
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
abundant predators in sweet sorghum compared with sugarcane. 
Also populations of carabid larvae, chrysopids and Orius 
spp. were significantly greater in sweet sorghum canopy 
samples. Reduced damage by D. saccharalis in plots without 
predator suppression resulted in 22.4 and 18.6% greater 
yield of total sugars in sweet sorghum and sugarcane 
plots, respectively. Compared with sugarcane 'CP74-3831, 
D. saccharalis larval survival inside stalk tunnels was 
significantly greater in sweet sorghum 'Wray' during 1985. 
Predators reduced D. saccharalis moth emergence in both 
crops by approximately 50% in 1986.
A two year study was conducted to evaluate the effects 
of sweet sorghum stalk barrel diameter and fiber content on 
D. saccharalis populations. Larval survival and moth emer­
gence were not significantly effected by resultant increased 
fiber content that accompanied decreased stalk barrel dia­
meter .
ix
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INTRODUCTION
Interest in alternate energy sources has led to the 
recent increase in sweet sorghum, Sorghum bicolor (L.) 
Moench, acreage for the production of ethanol; thus, reduc­
ing United States consumption of gasoline produced from 
costly and unreliable foreign crude oil. Louisiana acreage 
records for sweet sorghum are not maintained; however, very 
little sweet sorghum was grown in the state, prior to the 
1980's. Previously, sweet sorghum was grown primarily for 
making syrup and molasses. Agronomic studies by Ricaud & 
Arceneaux (1984) indicated the usefulness of sweet sorghum 
for biomass and alcohol production. Initial planting trials 
for producing ethanol were successful and since the early 
1980's ethanol production facilities have been constructed 
(Pollack 1984).
Proactive research was required concerning management 
considerations of sweet sorghum in the sugarcane agroecosys­
tem of south Louisiana. Therefore, a sound understanding of 
the bionomics of the sugarcane borer reared on sweet sorghum 
would precede any future increase of acreage of this crop. 
Thus, research would precede any pest management disrup­
tions caused by the introduction of sweet sorghum into the 
sugarcane growing region of south Louisiana. Studies were 
conducted to ascertain the following;
1) to determine the economic injury level based on 
the percent bored internode damage and associated reductions
1
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in yield attributed to D. saccharalis.
2) to determine an economic threshold level from small 
plot insecticidal screening studies that would prevent the 
D. saccharalis damage from surpassing the economic injury 
level on sweet sorghum,
3) to investigate the role of changing cultivation 
practices in the annual (sweet sorghum) and perennial 
(sugarcane) crops' predator-prey relationships,
4) to ascertain whether increasing plant stand density 
(which causes decreased stalk barrel diameter and an asso­
ciated increase in fiber content) could be used as a cul­
tural practice to reduce D. saccharalis larval survival, and
5) to determine D. saccharalis adult emergence in a 
susceptible sugarcane variety 'CP74-383' and adjacent sweet 
sorghum 'Wray' from an area-wide perspective.
Pursuit of these objectives will collectively provide a 
comprehensive investigation of the bionomics of D. 
saccharalis in sweet sorghum. Thus, implementation of 
management and production strategies may be adjusted to 
prevent any major problems that may arise in associated 
future increases in sweet sorghum acreage in Louisiana.
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LITERATURE REVIEW
The Sugarcane Borer
Fabricius first described the sugarcane borer as 
Phalaena saccharalis in 1794, and Hampton in 1895 placed in 
the genus Diatraea (Dyar & Heinrich 1927). This key pest of 
sugarcane is member of the family Pyralidae in the order 
Lepidoptera. Diatraea saccharalis (F.) attacks several 
crops in the family Gramineae including sugarcane, Saccharum 
officinarum L . ; corn Zea mays L . ; rice Oryza sativa L . ; and 
sweet sorghum, Sorghum bicolor (L.) Moench (Long & Hensley 
1972). In southern Louisiana, more than 90% of all insect 
related damage to sugarcane is attributed to Diatraea 
saccharalis (Reagan et al. 1972).
The sugarcane borer tunnels through internal stalk 
tissues which causes severe yield loss in untreated sugar­
cane fields. It is responsible for an estimated annual 
economic loss of 13% statewide (Pollet et al. 1978). Impact 
of D. saccharalis stalk tunnelling damage ranges from direct 
yield losses due to reduced uptake of water and nutrients to 
death of the upper portions of stalks in heavily damaged 
plants. Additional reductions in yield may result from 
lodging at D. saccharalis weakened internodes or entry of 
pathogens through larval tunnels (Reagan & Flynn 1986).
Sweet Sorghum
Cultivation records of sweet sorghum can be traced back 
to ancient Assyria around 700 B. C. where palace wall carv-
3
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ings show the importance of this crop (Walls & Ross 1970) . 
Sweet sorghum has been grown for centuries in China for 
sugar and alcohol production (Olcott 1857). Louisiana has 
the distinction of being one of the first areas in the the 
United States to grow sweet sorghum. In the late 1850's 
sugar was first produced from sweet sorghum in Louisiana 
(Olcott 1857), and Leonard Wray is credited with introducing 
several varieties of sweet sorghum into the United States 
from Africa in 1854 (Walls & Ross 1970).
Sweet sorghum was viewed by early United States re­
searchers in the 1850's as a "wonder crop" (Olcott 1857). 
Although this crop has desirable traits, it has provided 
relatively little competition to the worlds two major sugar 
crops (sugarcane, and sugar beets). Though the acreage data 
for this crop are not collected by the United States Depart­
ment of Agriculture (Brown 1980), it is being grown on a 
small scale in 19 states (Freeman et al. 1973). This pro­
duction has usually been limited to small farms with less 
than 0.A ha of land planted in sweet sorghum. Its limited 
use for sugar production is due to the high starch content 
and rapid inversion of sucrose (Ricaud & Arceneaux 1984), 
but other scientist report that "high levels of starch and 
aconitic acid" problems have been overcome by USDA chemists, 
and mills runs on sweet sorghum have produced raw sugar of 
acceptable quality" (Irvine 1980). Regardless of its value 
for sugar production, possibilities exist for using sweet 
sorghum as a feeder stock to produce ethanol for use in
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
5
gasohol or as an octane enhancer in gasoline.
In recent years, sweet sorghum has been improved to 
overcome many of its early disease problems. Some experts 
predict that sweet sorghum will be cultivated on more than 
5.7 million ha in the United States by the year 2000 with an 
annual alcohol production of 31.4 billion liters (Nathan 
1979).
Several characteristics of sweet sorghum are expected 
to lead to increased acreage throughout the United States. 
Sweet sorghum has a very rapid maturation rate (90-150 days 
from planting to harvest) as compared to other sugar crops. 
Potentially, sweet sorghum has a wide United States geo­
graphical growing range, since this crop could be grown from 
Alabama to Minnesota, and anywhere corn, Zea mays L. , is 
cultivated (Nathan 1979). This crop has a lower water re­
quirement than other sugar crops. It needs less water than 
sugarcane and has been found to be more drought tolerant 
than corn (Nathan 1979) . Growing of early crops of sweet 
sorghum has the potential to complement sugarcane rather 
than directly compete for existing processing facilities. 
Sweet sorghum could be harvested prior to sugarcane; thus, 
extending grinding season and allow for increased working 
hours for seasonal employees. Ratooning of sweet sorghum 
plants would provide a second crop within the same growing 
season that would be especially practical in regard to 
biomass production of alcohol. These characteristics make 
sweet sorghum's future appear hopeful for sugar and alcohol
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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production in Louisiana agriculture.
Insect Pest Management
A 1.4-fold increase in the number of D. saccharalis 
pupae was found in sweet sorghum 'Wray' when compared with 
adjacent plots of moderately resistant sugarcane 'CP65-357' 
(Reagan & Flynn 1986), which prompted their warning that 
increased acreage of highly susceptible alternate host crops 
(e.g. corn and sweet sorghum) could have a serious impact on 
sugarcane insect pest management.
Hensley (1971) initiated a sugarcane insect pest man­
agement program which has proven highly successful in 
Louisiana. This program judiciously utilizes insecticides 
at economic thresholds and has been strongly supported by a 
varietal resistance component (Reagan & Martin 1987). 
Varietal resistance mechanisms to D. saccharalis in sugar­
cane include leafsheath appression, rind hardness, and high 
fiber content (Coburn & Hensley 1972, Martin et al. 1975, 
Reagan & Martin 1987). Research involving resistance to D. 
saccharalis in sweet sorghum has been limited to a two-trial 
study conducted in Sao Paulo, Brazil (Lara & Perussi 1984). 
In the first trial, a significant (r = 0.52, P < 0.05) posi­
tive correlation was found between percent D. saccharalis 
larval infestation and increased diameter at the median 
internode of sweet sorghum stalks. Although, the second 
trail was inconclusive this study suggests that decreasing 
sweet sorghum stalk barrel diameter could be used to reduce 
D. saccharalis larval populations.
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Composition of the arthropod predator complex and its 
role in controlling D. saccharalis larvae has been investi­
gated intensively (Negm & Hensley 1968, 1972, Reagan et al. 
1972, Ali & Reagan 1985). Similar predator assessments for 
the sweet sorghum agroecosystem has not been previously 
studied in Louisiana.
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CHAPTER I
Economic Injury Level of the Sugarcane 
Borer (Lepidoptera: Pyralidae) on Sweet Sorghum.
The following chapter is modified from manuscript 
J87-007, which was accepted by the Journal of Economic 
Entomology and is currently in press.
8
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Introduction
Sweet sorghum, Sorghum bicolor (L.) Moench, is being 
used on a trial basis as part of a government subsidized 
program to produce ethanol in Louisiana. The rapid matura­
tion of sweet sorghum (90-150 d) , drought tolerance, its 
wide geographical growing range from Alabama to Minnesota, 
and technological breakthroughs in sugar extraction may lead 
to rapid increase in production for this crop (Nathan 1979).
The sugarcane borer, Diatraea saccharalis (F.), is a 
serious pest of several crops in the family Gramineae in­
cluding sugarcane, Saccharum officinarum L. ; corn Zea mays 
L.; rice Oryza sativa L.; and sweet sorghum (Long & Hensley 
1972). The impact of D. saccharalis stalk tunnelling damage 
ranges from direct yield losses due to reduced uptake of 
water and nutrients to death of the upper portions of stalks 
in heavily damaged plants. Additional reductions in yield 
may result in lodging at D. saccharalis weakened internodes 
or entry of pathogens through larval tunnels (Reagan & Flynn 
1986).
Introduction of sweet sorghum into Louisiana may create 
management problems for sugarcane growers due to a potential 
increase in D. saccharalis populations from production of 
this alternate host crop. The goal of this study was to 
develop an economic threshold that would be used to assist 
in pest management decisions for control of D. saccharalis 
on sweet sorghum.
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Materials and Methods 
Sweet sorghum 'Wray' was planted in single row plots 
with 0.91 m  spacing, (7.62 m  long, 0.0006 ha), between two 
border rows on 28 April 1984 and 19 April 1985 on the St. 
Gabriel Research Station, Iberville Parish, Louisiana. Com­
merce silt loam and Sharkey clay soil types characterized 
field locations for 1984 and 1985 plots, respectively. An 
average of 41 (57,383 per ha) and 35 (50,210 per ha) plants 
per plot were artificially infested with first instar D. 
saccharalis in 1984 and 1985, respectively. Six infestation 
levels consisting of 0, 5, 10, 15, 20 and 30 larvae per
plant were arranged in a randomized complete block (RCB) 
experimental design with seven replications during 1984. In 
1985, nine treatments consisted of all possible combinations 
of an early (14 June) and a late (11 July) infestation level 
(0-0, 0-15, 0-30, 15-0, 15-15, 15-30, 30-0, 30-15, and
30-30) which were replicated six times in an RCB design. 
The first infestation of 1985 coincided with the same 
phenological growth stage (58.5 cm tall, 3 weeks prior to 
panicle appearance) of the 1984 study. The plant growth 
stage for the late infestation was 1 week prior to panicle 
appearance. Treatments were designed to provide a wide 
range of plant damage levels to supplement natural D. 
saccharalis infestations which were relatively low during 
both years of this study.
Laboratory-reared (wild individuals added to colony 
each growing season) first instar larvae were placed within
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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leafsheaths at the top, middle, and lower portion of stalks 
with a hand-operated applicator (Davis & Oswalt 1979). 
Calibration of larvae per plant was made by using the corn 
cob grit method described by Davis and Williams (1980). 
Larval survival data were collected by randomly selecting 
three plants per plot 15 days post-infestation. Four 
routine applications of the systemic insecticide monocroto- 
phos (0.85 kg [AI] per ha) were used to maintain sugarcane 
borer-free plots. Insecticide applications during 1985 
were also made late season to prevent naturally occurring 
D. saccharalis from moving into plots designated for early 
infestation evaluation. Chlordane (1.1 kg [AI] per ha) was 
applied on the soil surface to reduce D. saccharalis mortal­
ity from predatory arthropods. The plants were harvested 
during the third week of August. All plants were cut and 
weighed as whole and stripped (without leaves and seed 
heads) bundles. Estimates of percent bored internodes were 
determined from counts of total internodes as compared to 
number of bored internodes. Adult emergence was based on D. 
saccharalis moth exit holes converted to a per ha basis on 
plant stand.
Sugars were analyzed using the press method analysis of 
Tanimoto (1967) which provides measurements for Brix, Pol, 
and percent fiber. Brix is a percentage by weight of sol­
uble solids in a pure sucrose solution (Meade & Chen 1977). 
The soluble solids can be translated into total sugars (all 
plant sugars) with a 0.7 reduction from the percent Brix
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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value ([e.g., 19% soluble solids yields 18.3% total sugars] 
Ricaud & Arceneaux 1984). Pol estimates are used to provide 
the percent sucrose in juice (Meade & Chen 1977).
Damage level classes were created by grouping sweet 
sorghum samples into 5% D. saccharalis bored internode (i.e. 
0-5, 6-10 ... 46-50) increments. Data were subjected to the 
General Linear Model (GLM) analyses (SAS Institute 1985) and 
differences between harmonic means were identified using 
Duncan's (1955) multiple range test. Variables which in­
fluence sugar yield or quality were analyzed using linear 
regressions on percent bored internodes for each year. 
Yield loss was approached from two perspectives: 1) regres­
sion of the yield of total sugars by percent bored inter­
nodes, and 2) creation of a new variable, yield loss, based 
on the subtraction of total sugars yield of each treatment 
from that found in monocrotophos treated control plots (zero 
percent bored internodes) within replications, and regres­
sing yield loss by percent bored internodes.
Results
Overall larval survival at 15 d post infestation was 
5.7% ± 0.09 (x ± SE) and 2.4 ± 0.30 for 1984 and 1985, 
respectively. As indicated in Table 1, larval survival for 
the late infestation (1985) was substantially lower. Thus, 
the majority of D. saccharalis damage for the 1985 study was 
attributed to the early infestation. Stalk damage by D. 
saccharalis ranged up to 50% for the two years. Stalk 
weight was found to be negatively correlated with
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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Table 1. Larval survival, adult emergence and yield of 
total sugars as affected by various early-late infestation 
levels of D. saccharalis larvae on sweet sorghum at St. 
Gabriel, La., in 1985.
Infestation3 Larvae per Adult Total
level plant post- emergence sugars
(early - late) infestation^ per plant (kg/ha)
0 - 0 0.0 a 0.00 a 7,177.3 a
0 - 1 5 0.9 a 0.05 a 6,230.1 ab
0 - 3 0 0.8 a 0.07 a 5,633.9 b
1 5 - 0 2.0 b 0.41 b 6,249.1 ab
15 - 15 2.6 be 0.47 be 5,391.5 b
15 - 30 3.0 be 0.42 b 5,710.6 b
3 0 - 0 3.6 d 0.48 be 5,549.0 b
30 - 15 4.5 d 0.62 c 5,147.2 b
30 - 30 4.6 d 0.47 be 4,946.7 b
Means in a column followed by the same letter are not 
significantly different at P > 0.05 according to Duncan's 
[1955] multiple range test.
aNumber of larvae placed on plant on 14 June (early) 
and 11 July (late) 1985.
^Number of live larvae after 15 days post-infestation; 
plot receiving early and late infestations were derived by 
combining total larvae found 15 d following infestation
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D. saccharalis damage (Y = 0.839 - 0.005x; Y = weight per 
stalk (kg), x = percent bored internodes [r2 = 0.55, df = 7, 
F = 8.67, P < 0.0216]). Brix values were significantly
correlated with D. saccharalis damage [r2 = 0.96, df = 8, F 
= 192.33, P < 0.0001] as shown in Fig. 1. Fiber estimates 
were shown to be positively correlated (Y = 13.2 + 0.06x ; Y 
= percent fiber, x = percent bored internodes [r2 = 0.46, df 
= 8, F = 6.84, P < 0.0309]) with percent bored internodes in 
1984. Differences were not detected in the 1985 data, and 
the disparity between intercepts and slopes of fiber for 
both years prevented combining data for valid estimations. 
A highly significant correlation existed for percent sucrose 
in juice and percent bored internodes (Y = 16.84 - 0.073x; Y 
= percent sucrose juice, x = percent bored internodes [r2 = 
0.93, df = 106, F = 100.93, P < 0.0001]) which indicated a 
yield-loss relationship of D. saccharalis damage to sucrose. 
However a non-significant 2% drop in sucrose values was 
observed between the 0 to 10% bored internode classes (Table
2), and a 16% drop occurred when comparing nominal damage to 
that found at the 50% damage level. Yield loss contribu­
tions from lower Brix, higher fiber content, and reduced 
plant weight were 36.2, 14.5, and 49.3%, respectively.
A highly significant relationship was evidenced between 
total sugars yield and percent bored internodes for 1984 [df 
= 7, F = 14.18, P < 0.0070] and 1985 [df = 8, F = 46.08, P < 
0.0001] as shown in Fig. 2. The intercepts for total sugars 
(kg/ha) yield for 1984 and 1985 were not similar; however,
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Figure 1. Sweet sorghum yield loss and Brix reductions 
attributed to D. saccharalis larval damage at St. Gabriel, 
La. during 1984-85.
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Table 2. Effects of D. saccharalis on yield and 








0 - 5a 25 8625.4 a 16.6 a
6 - 10 8 8523.2 a 16.2 abc
11 - 15 13 8110.4 ab 16.3 ab
16 - 20 17 8049.9 ab 15.6 abed
21 - 25 16 7980.5 ab 15.4 abed
26 - 30 11 5925.7 be 14.5 cde
31 - 35 8 5469.1 c 14.7 bede
36 - 40 5 5569.5 c 13.9 de
41 - 45 5 6181.2 be 13.1 e
46 - 50 2 4740.3 c 14 .0 de
Means in a column followed by the same letter are 
not significantly different (P > 0.05; Duncan's [1955] 
multiple range test).
Fractional percentages are included in the following 
whole number.
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Figure 2. Sweet sorghum yield of total sugars as 
affected by D. saccharalis bored internode internode damage 
at St. Gabriel, La., during 1984-85.
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differences were not detected between slopes of these re­
gression lines [t = 1.76, df = 9, P < 0.1162]. Yield loss
calculated for 1984 (Y = 0.0 + 46.2x ; Y = yield loss (kg),
x = percent bored internodes [r2 = 0.66, df = 8, F = 15.64 P 
< 0.0042]) and 1985 (Y = 0.0 + 45.7x [r2 = 0.96, df = 9, F = 
221.44, P < 0.0001]) indicated that as D. saccharalis damage 
increased, approximately 45 kg/ha depletion of total sugars 
could be expected for each additional percent of bored 
internodes. The yield loss correlation for both years 
combined was also highly significant [r2 = 0.95, df = 9,
F = 172.14, P < 0.0001] as shown in Fig. 1). The effects of 
D. saccharalis damage on sweet sorghum total sugars for 1984 
and 1985 combined are shown in Table 2. When comparing the 
0 and 50% bored internode classes, a yield loss of 45.0% was 
observed. A 515.0 kg/ha drop in yield was also observed 
between the 0 and 15% bored internode classes reflecting a 
6.0% yield reduction.
Discussion
Larval survival for both years was similar to that
found in corn (Flynn et al. 1984), and was sufficient to 
provide a wide range of D. saccharalis damage levels. The 
late infestation treatment of 1985 had a substantially re­
duced larval survival, possibly due to increased predator 
build-up during late season, phenological differences 
associated with host plant suitability, or climatic condi­
tions .
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The analyses indicated that plant weight reductions 
were primarily responsible for most of the yield reduction 
which is similar to D. saccharalis damage found in sugarcane 
(Hensley 1971). Percent fiber increased with higher levels 
of bored internodes, which conforms to an anticipated in­
crease in fiber due to D. saccharalis tunnelling damage and 
reduction of water uptake that would be reflected by lower 
juice levels. The degree of damage reflected in Brix 
reduction and increased fiber had approximately the same 
impact on total sugars yield. Percent sucrose in sweet 
sorghum juice also appears to be sensitive to changes in D. 
saccharalis bored internode levels (see Table 2).
Yield loss observed for both years individually or 
combined gave similar results in relation to the degree of 
D. saccharalis damage. An almost identical regression line 
was obtained for 1984 and 1985 when total sugars yield loss 
was regressed on percent bored internodes. This indicates 
that yield loss regression estimates are valid for calculat­
ing a damage level. The r 2 values for regression of yield 
loss were much greater than those for yield by percent bored 
internodes (Fig. 1 and 2). Overall yield for 1984 was 
greater than found in 1985 experiments (Fig. 2) which may 
have been attributed to characteristics of the different 
fields in the two studies, growing conditions, or greater 
plant stand for the 1984 study. Regardless of the level of 
yield for the 2 years, D. saccharalis effects on yield loss 
were found to be consistent.
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Contract prices of 20.9 cents per kg of total sugars 
was set for the year 1986-87 by Agrifuels Refining Corp. of 
New Iberia, La. (J. E. Devillier, Louisiana Cooperative 
Extension Service, personal communication). The cost for 
one D. saccharalis insecticidal treatment of monocrotophos 
including aerial application is approximately $19.51 per ha. 
Thus, in relation to yield loss, approximately 93.3 kg of 
total sugars would justify 1 pesticide application treat­
ment. A typical year under moderate to high D. saccharalis 
pressures would require a maximum of 3 applications (Reagan 
& Flynn 1986). Thus, the equivalent yield loss of 280.0 kg 
total sugars corresponds to 6.5% D. saccharalis bored inter­
nodes (43 kg/ha for each percent bored internode).
The non-linearity of points at low damage levels typi­
cally indicates that small numbers of pest insects have no 
effect on yield due to crop tolerance or compensation
(Bardner & Fletcher 1974). In our study, the 11-15% bored
internode class was the first to show an economic loss equal 
to the cost of insecticidal control. These losses were 
greater than twice the cost of estimated annual treatments, 
which indicates that the upper level of the lower class
(10%) would serve as an appropriate determination for the 
economic injury level (see Table 2) . This determination, 
additionally, corresponds favorably with the 6.5% level
indicated by regression analyses. An economic threshold 
treatment decision at a 5% infestation of small larvae in 
leafsheaths is herein proposed to prevent economic injury.
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The 5% infested plant economic threshold level is based also 
on a small plot screening trial which proved effective in 
maintaining D. saccharalis damage below the economic injury 
level (Fuller et al. 1987).
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CHAPTER II
Comparative Predation of the Sugarcane 
Borer (Lepidoptera: Pyralidae) on 
Sweet Sorghum and Sugarcane
The following chapter is modified from manuscript 
J87-281, which was accepted by the Journal of Economic 
Entomology and is currently in press.
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Introduction
The composition of the arthropod predator complex in 
sugarcane, Saccharum officinarum L. , has been investigated 
intensively (Negm & Hensley 1968, 1972, Reagan et al. 1972, 
Ali & Reagan 1985). These studies indicate the importance 
of arthropod predation in regulating populations of the 
sugarcane borer, Diatraea saccharalis (F.). The recent 
increase in sweet sorghum, Sorghum bicolor (L.) Moench, 
acreage in the sugarcane-growing region of Louisiana may 
have a substantial impact on sugarcane insect pest manage­
ment (Reagan & Flynn 1986). Sugarcane is a perennial crop 
requiring minimal cultivation, but sweet sorghum, an annual 
crop, needs more conventional cultivation including inten­
sive seedbed preparation.
Our study was undertaken to evaluate arthropod preda­
tion in sweet sorghum versus sugarcane, particularly as 
related to management of the key pest of sugarcane,
D . saccharalis.
Materials and Methods
Field plots were located in Sharkey clay soils on the 
St. Gabriel Research Station and at the Gay Sugarcane Plan­
tation in Iberville Parish, Louisiana. Sweet sorghum 'Wray' 
and sugarcane 'CP74-383' were planted on 50.3 m  rows in ad­
jacent plots (0.01 ha) with rows spaced 1.8 m  apart. Sweet 
sorghum was double-drilled with a modified row spacing of 
approximately 0.9 m. Seeding rates of approximately 20 per 
meter provided plant stands of 5-8 plants (stalks) per meter
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of row (53,796 and 89,661 plants (stalks) per ha for 1986 
and 1985, respectively). Plant cane (first-year sugarcane 
that was planted during the previous fall) stand counts were 
74,717 plants per ha, and first-ratoon (regrowth of plants 
from the root system of the preceding yr) sugarcane was 
119,256 plants per ha for 1985 and 1986, respectively.
A randomized complete block design with a 2 by 2 fac­
torial arrangement of treatments at both locations was 
replicated four times. Treatments involved two factors: 1) 
with or without soil surface applied chlordane (1.1 kg [AI] 
per ha) for predator suppression and 2) sugarcane versus 
sweet sorghum. Diatraea saccharalis populations were allow­
ed to develop throughout the season. Two sampling methods 
were used for this study: pitfall traps using two 473 ml
jars (Greenslade 1964) per plot; and destructive sampling 
(dissection of 15 plants per plot each week). Pitfall traps 
were maintained for the entire season; thus provided contin­
uous sampling for arthropods associated with the soil sur­
face. Estimates of arthropod populations associated with 
the canopy were obtained from destructive sampling. All 
field-collected specimens were classified at least to 
family.
To measure various parameters associated with the yield 
of total sugars, ten 10-stalk bundles were harvested at 
random from each plot. Plants were cut whole and stripped 
(without leaves and seed heads), and weights were recorded. 
Each stalk was carefully examined for D. saccharalis larval
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entrance and adult emergence holes. Percent bored inter­
nodes were determined from counts of total internodes, com­
pared with the number of internodes bored. Adult emergence 
was based on total D. saccharalis moth exit holes per plant, 
translated to a per ha basis using plant stand (number of 
plant per ha within plots). Larval survival after entry was 
calculated using the number of D. saccharalis moth exit 
holes divided by the number of entry holes. This provides a 
liberal estimate of survival because a larva can re-enter a 
stalk at another position. However, most dissection samples 
indicated that only one entrance hole was associated with a 
single D. saccharalis larva inside the stalk.
Parameters associated with sugar yield were measured 
for plants after damage data were recorded. In this study, 
total sugars included all fermentable plant sugars (e.g., 
sucrose, fructose). Sugars were analyzed using the press 
method of Tanimoto (1967) which provides measurements for 
Brix and percent fiber. Brix is a percentage by weight of 
soluble solids in a pure sucrose solution (Meade & Chen 
1977). These soluble solids can be translated into total 
sugars with a 0.7 reduction from the percent Brix value 
([e.g., 19% soluble solids yields 18.3% total sugars] Ricaud 
& Arceneaux 1984). Data were subjected to the General 
Linear Model (GLM) analysis procedure (SAS Institute 1985); 
differences between means were identified using the F 
statistic.




The total number of predators per ha was significant­
ly greater in sugarcane than for sweet sorghum during both 
years (Tables 1, 2). This difference was approximately
4- and 16-fold for plant and first-ratoon sugarcane, compar­
ed with sweet sorghum. This pattern was most indicative of 
red imported fire ant, Solenopsis invicta Buren, populations 
found in the canopy. Canopy-dwelling carabids collected 
were almost exclusively Leptotrachelus dorsalis (F.). Sig­
nificantly greater populations of carabid larvae were found 
in sweet sorghum than in either plant or first-ratoon sugar­
cane. Lacewings (Chrysopidae) and minute pirate bugs, Orius 
spp., (Anthocoridae) were the only other predators found in 
the canopy that -were not represented in pitfall trap 
samples.
Soil Surface Fauna
The mean number of arthropod predators found in biweek­
ly pitfall trap samples during 1985 were significantly [F = 
24.43; df = 1, 148; P < 0.0001] greater in sweet sorghum 
when compared with the plant cane crop of sugarcane (Table
3) . Although significant differences were not detected in 
the first-ratoon crop of sugarcane in 1986, there was a 
37.5% greater abundance of predators in sweet sorghum.
The same species of arthropod predators associated with 
the soil surface were represented during both years. The 
species composition did not differ from those previously

















Tnblc 1. Mean nuiiber x 101 per week of canopy associated arthropods per ha in sweet sorghum and adjacent plant cane, 















No chlordane 399.7 a 386.8 a 5.4 a 1.1 a 0.0 a 0.0 a 6.5 a 0.0 a 77.8 a
Sugarcane
Chlordane 48.6 b 9.7 b 6.5 a 4.3 a 0.0 a 21.6 a 6.5 a 0.0 a 103.7 a
No chlordane 89.9 a 70.0 a 6.4 a 1.1 a 7.3 b 0.0 a 2.7 a 1.8 a 28.1 b
Sweet sorghun
Chlordane 50.8 a 0.0 b 3.6 a 8.2 a 20.0 a 6.4 a 5.4 a 7.3 a 50.8 a
Crop e ffec ts ** ** NS ** ** NS NS NS **
Chlordane e ffec ts ** ** NS NS * NS NS NS **
Crop x chlordane ** ** NS NS * NS NS NS **
Means in colum s within crops followed by the same le tter  are not s ig n ifica n tly  d ifferent (P > 0.05 using the F
s ta t is t ic ;  NS = P > 0,05, * = P < 0.05, ** = P < 0.01.
nSampling period: sweet sorghum 8 July -  19 September; sugarcane 8 July -  7 October. 


















Table 2. Mean ntnber x  10s per week o f canopy associated arthropods per ha in sweet sorghun and adjacent first-ratoon  


















No chlordane 981.5 a 858.0 a 110.7 a 0.0 a 0.5 b 0.5 a 0.9 a 2.8 a 8.4 a 71.5 b
Sugarcane
Chlordane 158.8 b 4.2 b 141.3 a 0.0 a 4.3 a 0.0 a 2.0 a 2.4 a 4.7 a 132.8 a
No chlordane 63.0 a 50.6 a 0.8 a 0.4 a 3.6 a 4.8 a 0.8 b 2.0 a 0.0 a 24.3 b
Sweet sorghun
Chlordane 23.1 b 0.0 b 0.0 a 0.8 a 8.0 a 3.6 a 8.4 a 2.4 a 0.0 a 57.8 a
S ta tis tica l comparisons
Crop e ffec ts ** ** ** * * ** ** NS ** **
Chlordane e ffe c ts ** ** NS NS ** NS ** NS NS **
Crop x chlordane ** ** NS NS NS NS ** NS NS **
Means in colum s within crops followed by the same le tter  are not sig n ifica n tly  d ifferent (P > 0.05 using the F 
s ta t is t ic ;  NS = P > 0.05, * = P < 0.05, ** = P < 0.01.
aSanpling periods: sweet sorghun 17 July -  9 September; sugarcane 17 July -  2 October.



















Table 3. Mean nvnfcer per p it f a l l  trap o f arthropods associated with the s o il  surface associated arthropods in sweet 























No chlordane 23.8 a 14.9 a 0.9 a 0.3 a 0.7 a 0.7 a 0.6 a 17.9 a 5.6 a 0.1 a
Sugarcane
Chlordane 8.0 b 1.9 b 0.3 a 0.4 a 1.9 a 0.3 a 0.3 a 14.2 a 2.2 b 0.7 a
No chlordane 53.6 a 29.9 a 0.2 a 8.8 a 1.9 b 1.1 a 0.1 a 17.9 a 10.6 a 0.9 a
Sweet sorghun
Chlordane 26.2 b 3.3 b 0.0  a 8.9 a 8.4 a 0.8 a 0.0 a 19.1 a 4.0 b 0.7  a
oittiim iL tii cui^juribuns
Crop e f fe c ts ** * NS ** ** NS NS NS ** NS
Chlordane e f fe c ts ** ** NS NS ** NS NS NS ** NS
Crop x chlordane NS NS NS NS ** NS NS NS NS NS
Means in colum s w ithin crops followed by the same le tte r  are not s ig n ific a n tly  d ifferen t (P > 0.05 using the F 
s ta t is t ic ;  NS = P > 0 .05, * = P < 0.05, and ** = P < 0.01.
aSampling periods: sweet sorghun 15 July -  18 September; sugarcane 15 July -  10 October.
Including Forficulidae, Labiduridae and Labiidae.
coH
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reported (Negm & Hensley 1968, 1972, Reagan et al. 1972, Ali 
& Reagan 1985). The red imported fire ant was the dominant 
predator collected in pitfall traps in both crops. Carabids 
and Orius spp. were the only predators of significantly 
greater abundance in plots where predators were suppressed 
with chlordane. Carabids, cicindelids, and Araneae were 
also significantly more abundant in sweet sorghum during 
both years. Data for Gryllids were considered (Tables 3 and
4) because crickets serve as an alternate food source for 
major predator groups when D. saccharalis populations are at 
low levels in the sugarcane/sweet sorghum agroecosystem 
(Reagan 1986). The lycosids (wolf spiders) composed 51.8 
and 80.2% of the were more abundant in plant cane (58.9%) 
than in first-ratoon sugarcane (39.4%)(see Appendix A). 
However, clubionids (45.5%) were the most common family of 
spiders found in first-ratoon sugarcane.
Predation
Larval D. saccharalis populations were 44.8 and 60% 
greater in predator suppression plots of sweet sorghum for 
1985 and 1986, respectively. An increases in the number of 
D. saccharalis larvae in plant cane (25.0%) and first-ratoon 
sugarcane (46.2%) was found in plots treated with chlor­
dane. Percent damage associated with internodes bored by 
D. saccharalis and larval survival after stalk entry is 
shown . in Table 5. Diatraea saccharalis populations were 
lower during 1985 than 1986 season due to preceding harsh 
winter conditions. Thus, increased damage to sweet sorghum
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and sugarcane occurred in 1986 compared with that experi­
enced in 1985. Sugarcane sustained significantly (F = 
51.64; df = 1, 54; P < 0.0001 in 1985, and F = 18.86; df = 
1, 9; P < 0.0019 in 1986) higher levels of damage when com­
pared with sweet sorghum. Higher damage levels paralleled 
greater D. saccharalis larval populations in sugarcane 
(Tables 1, 2, 5). Larval survival after stalk entry was
significantly (F = 57.89; df = 1, 9; P < 0.0001 in 1985, and 
F = 26.02; df = 1, 54; P < 0.0001 in 1986) greater in sweet 
sorghum than that observed in sugarcane. Differences in D. 
saccharalis moth production in sugarcane and sweet sorghum 
plots with and without predator suppression were not 
detected in 1985 (Table 5). Sugarcane had significantly (F 
= 11.01; df = 1, 28; P < 0.0025) greater moth production 
than sweet sorghum in 1986.
During 1985, differences in total sugars produced in 
plots with and without predator suppression were not detect­
ed in plant cane (10,960.1 and 11,694.5 kg/ha) or sweet 
sorghum (8,116.9 and 8,667.8 kg/ha), respectively. However, 
plots with predators had a 6.3 and 6.4% greater yield for 
plant cane and sweet sorghum, respectively, in 1985.
First ratoon sugarcane plots with and without predator 
suppression produced 8,745.5 and 10,745.4 kg/ha of total 
sugars, respectively; these levels represent a significantly 
[F = 2.60; df = 1, 23; P < 0.0001] greater yield for plots 
with predators. A significant [F = 33.40; df = 1, 28; P < 
0.0027] increase in yield of total sugars also was found in

















Table 4. Mean nurber per p i t f a l l  trap o f  arthropods associated  w ith the s o i l  surface in  sweet sorRhun and 
















Aran- Cocci-  
eae n ellid a e
No chlordane 38.0 a 34.1 a 0.2 a 0.1  a 0.3 a 0.1 a 10.4 a 3.3 a 0.1 a
Sugarcane
Chlordane 3.6 b 2.0  b 0.1 a 0.2 a 0.3 a 0.0 a 10.7 a 0.8 b 0.3 a
No chlordane 47.4 a 32.9 a 5.0  a 0.3  b 1.4 a 0.1 a 12.6 a 7.6 a 0.1 b
Sweet sorghun
Chlordane 18.6 b 4 .9  b 6.4 a 2.2 a 0.5 b 0.2 a 15.1 a 3.8 b 0.5 a
carpnrisons •OlllllallLUl
Crop e f fe c ts NS NS ** ** * NS NS ** NS
Chlordane e f fe c ts ** ** NS ** * NS NS ** *
Crop x  chlordane NS NS NS ** * * NS NS NS
Means in  co lum s w ith in  crops followed by the same le t t e r  are not s ig n if ic a n t ly  d ifferen t (P > 0.05 using the
F s t a t i s t i c ;  NS = P > 0 .05 , * = P < 0 .05 , and ** = P < 0 .01.
aSampling periods: sweet sorghun 17 July -  23 September; sugarcane 17 July -  2 October. 



















Table 5. Percent D. saccharalis bored intemodes, larval survival and total moth emerg­

















No chlordane 22.2 b 10.4 b 4.9 a 1.7 b 10.3 a 21.6 b
Chlordane 28.3 a 35.6 a 3.8 a 10.4 a 18.1 a 43.1 a
No chlordane 4.0 a 8.6 b 22.2 b 10.8 a 9.3 a 11.2 b
Chlordane 6.9 a 16.0 a 24.1 a 13.8 a 13.0 a 25.3 a
Means in colums within crops followed by the same letter are not significantly different 




plots of sweet sorghum with predators (5,977.9 kg/ha) when 
compared with predator suppression plots (4,641.2 kg/ha). 
Yield increases in plots with predators was 18.6 and 22.41 
for first-ratoon sugarcane and sweet sorghum, respectively 
in 1986.
Discussion
The 4- and 16-fold greater predator populations in plant 
and ratoon sugarcane, compared with the sweet sorghum fauna, 
are related to cultivation practices. Plant cane is planted 
in the fall, permitting the increase of predator populations 
from October until the next spring. During the spring of 
1985, seedbed preparation for the first planting of sweet 
sorghum disturbed the field's arthropod fauna. Cultivation 
practices destroy red imported fire ant mounds, increase 
mortality, reduce food supply (Ali et al. 1984) and stimu­
late colony relocation and nest rebuilding in stable habi­
tats provided by undisturbed field margins. These practices 
would account for the 4-fold difference for the two crops 
during 1985. This difference in predator populations in­
creased to 16-fold due to minimal cultivation and perennial 
nature of first-ratoon sugarcane while the annual crop of 
sweet sorghum again received conventional tillage in 1986 
that caused greater habitat disruption. Thus, predator 
populations (especially those of S. invicta) were permitted 
to increase for over two years in first-ratoon sugarcane 
while sweet sorghum cultivation practices adversely
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affected predators.
The significantly larger number of arthropods associ­
ated with the soil surface in sweet sorghum, compared with 
those in sugarcane, may be misleading. Numbers of predators 
did not differ greatly in magnitude between the two crops. 
Trap avoidance was observed for S. invicta foragers; they 
constructed trails up to the edge of the pitfall trap and 
then altered direction to evade the trap. This avoidance 
behavior was observed in both crops and all treatments. 
However, valid comparisons with pitfall traps are possible, 
although canopy estimates provided a more accurate measure 
of the S. invicta populations in this study.
The sugarcane borer was not as abundant in sweet sor­
ghum during either year of this study. This is not related 
to resistance since both crop cultivars are susceptible to 
this pest and larval survival after stalk entry was signifi­
cantly greater in sweet sorghum. Two factors may be affect­
ing these differences: 1) D. saccharalis moths are poor
fliers and usually move into plant cane fields from nearby 
ratoon sugarcane or from seed-cane which is infested at the 
time of planting; and 2) D. saccharalis oviposition pre­
ference may differ between the two crops. Both plant cane 
and sweet sorghum would have been infested from nearby 
ratoon sugarcane. Early season D. saccharalis moth popula­
tions emerge from overwintering larvae at the base and 
subsurface portions of sugarcane stalks remaining after 
harvest. Thus, first-ratoon sugarcane would have a greater
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number of moths emerging, while cultivation practices for 
sweet sorghum would have destroyed any crop residue from the 
previous season. Although host habitat finding for 
D. saccharalis has not been defined, it appears that adult 
emergence within sugarcane and its poor flight ability may 
delay movement into sweet sorghum.
Moth emergence between the two crops did not differ in 
1985 due to the greater number of larvae surviving in sweet 
sorghum. Thus, equal infestation in both crops would 
probably lead to greater numbers of D. saccharalis moths 
from sweet sorghum. Dramatic reductions in moth production
from natural control by predators was especially evident in
1986. Predators provided 3- and 2-fold reduction in bored 
internodes in plots without predator suppression for sugar­
cane and sweet sorghum in 1986. The greater reduction in 
damage for sugarcane can be attributed to its increased
predator population.
Natural control provided by the predator complex in 
sweet sorghum is extremely important. Plots without preda­
tor suppression did not exceed the 10% bored internode 
economic injury level (Fuller et al. 1988). However, plant 
cane damage in plots with predators did exceed the 10-14% 
bored internode economic injury level. Increased cultiva­
tion practices in plant cane, compared with ratoon sugar­
cane, also resulted in the disruption of the predatory
arthropod fauna. White (1980) found increased predator 
population in ratoon crops of sugarcane. Thus, more damage
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should be expected in plant cane compared with first-ratoon.
Differences in yield for plant cane and sweet sorghum 
were not detected in plots with and without predator 
suppression. This, in part, is caused by to environmental 
disruption and the lower D. saccharalis pest populations 
experienced in 1985. The dramatic increase in yield between 
first-ratoon sugarcane and sweet sorghum in 1986 better 
illustrates the potential that predators provide as part of 
an integrated pest management program. Thus, control with 
insecticides and cultivation practices that adversely affect 
the predatory fauna should be avoided by using pesticides 
with less impact on beneficial organisms and increasing 
habitat stability (e.g., reduced tillage practices, 
undisturbed field margins).
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CHAPTER III
Plant Stand Density Effect on the Sugarcane 
Borer (Lepidoptera: Pyralidae) in Sweet Sorghum
The following chapter is modified from a manuscript 
which has been submitted to the Journal of Economic 
Entomology.
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Introduction
Worldwide production of sweet sorghum, Sorghum bicolor 
(L.) Moench, production has increased in recent years 
because of its utilization in making fuel alcohol. This 
crop is highly susceptible to attack by the sugarcane borer, 
Diatraea saccharalis (F.), the key pest of sugarcane in the 
western hemisphere (Reagan & Flynn 1986, Fuller & Reagan 
1988) . Commercial plantings of sweet sorghum have been
limited to the 'Wray' variety in Louisiana. In sugarcane,
D. saccharalis mortality factors include leafsheath appres- 
sion, rind hardness, and high fiber content (Coburn & 
Hensley 1972, Martin et al. 1975, Reagan & Martin 1987). 
Research involving sugarcane borer resistance in sweet
sorghum has been limited to a two trial study conducted in 
San Paulo, Brazil (Lara & Perussi 1984). In the first 
trial, a significant (r = 0.52, P < 0.05) positive cor­
relation was found between percent infestation and diameter 
at the median internode of sweet sorghum plants. A 
non-significant positive relationship was observed in the 
second trial. Lara & Perussi (1984) declined to speculate 
on the resistance mechanism. It is assumed that the
decreased level of infestation with smaller stalk diameter 
may have been related to increased fiber content which 
occurs as stalk barrel size decreases. High fiber content 
in sugarcane generally causes greater D. saccharalis larval 
mortality (Mathes & Charpentier 1962). Stalk barrel size 
can be manipulated by changing planting densities, with
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higher densities resulting in narrower stalk barrel size. 
Therefore, the objective of this study was to compare plant­
ing densities of sweet sorghum to determine if the resultant 
narrow stalk barrel size and associated increase in fiber 
could serve as a potential cultural control in sweet sorghum 
insect pest management.
Materials and Methods 
Sweet sorghum 'Wray' was planted in four row plots with 
0.91 m spacing (13.72m long, 0.005ha plots) on 2 June 1984 
and 15 June 1986 at the St. Gabriel Research Station, 
Iberville Parish, Louisiana. A randomized complete block 
with a split-split plot experimental design was used with 
five and four replications for 1984 and 1986, respectively. 
Plots designed to have D. saccharalis suppressed populations 
were treated with monocrotophos (Azodrin - 0.85 kg [AI] per 
ha) and untreated plots represented the main plot effects. 
Sub-plot factors were plant stand density and sampling date, 
respectively. Average plant stand treatments were 3.6 
(39,353 per ha), 5.3 (59,936 per ha), 8.6 (94,016 per ha) 
and 14.3 (156,320 ha) plants per meter of row. Stands were 
established by hand thinning higher plant populations to the 
desired density levels to insure even spacing within treat­
ments. A Commerce silt loam soil type (fine-silty, mixed, 
nonacid, thermic, aerie fluvaquents [Smith et al. 1983]) 
characterized all plots during both years.
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In plots with D. saccharalis suppression, infestation 
samples were taken to determine when monocrotophos applica­
tions were necessary. Five plants per plot from the two 
outside rows were examined for D. saccharalis larval infest­
ations and beneficials arthropods with data collected on 
three dates during 1984 and weekly during 1986. The small 
sample size was necessary to maintain treatment densities 
throughout the season. Equal number of stalks sampled 
across density treatments resulted in a larger percentage of 
plants per area sampled in the lower planting densities.
Therefore, D. saccharalis larval estimates and total preda­
tor counts were converted to number per m 2. Individual 
predator species abundance is not reported due to the small 
plot dimensions and sample size. Stalk height and diameter 
measurements were recorded on 14 July, 2 August, and 10 
October. The two center rows of each plot were cut and 
weighed at harvest. Leaves from these plants were removed 
and internodes examined for D. saccharalis larval entrance 
or moth exit holes. Percent bored internodes were calcul­
ated by division of the number of D. saccharalis borer 
internodes by the total number of internodes. Sugarcane
borer adult emergence levels were determined by converting 
moth exit holes into per ha units. Two 25-stalk bundles per 
plot were randomly chosen for sugar analysis. Diameter of 
the third internode from the base of each stalk was
recorded. Juice extraction and percent fiber estimates were 
conducted using the press method as described by Tanimoto
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(1967). Total sugars (all fermentable sugars) estimates 
were derived from soluble solid measurements (Brix) accord­
ing to methods by Ricaud & Arceneaux (1984). Arcsin square- 
root transformations were performed on percentage values. 
Data were subjected to the General Linear Model Analysis 
(SAS Institute 1985) and mean separations were by the F test 
or Duncan's (Duncan 1955) multiple range test where 
appropriate.
Results
Analyses of D. saccharalis larval population estimates 
indicated significantly [F = 2.96; df = 3, 48; P < 0.0417] 
greater numbers were present as sweet sorghum planting 
density increased (Fig. 1). This observation was supported 
by similar levels of percent bored internode damage among 
density treatments (Table 1) . Greater larval populations 
would have been essential to cause equal injury as plant 
stand density increased. Early (14 July) season plant 
heights were greater in plots with increased plant stand 
densities (Fig. 2). However, plant height was more variable 
on 2 August in relation to plant stand. Reversed trends 
between increase height and greater plant stands were found 
on 10 October which reflects reduced internode length from 
damage caused by increased D saccharalis larval populations. 
Early height differences probably caused greater oviposition 
by D. saccharalis moths in plots with greater plant height. 
Monocrotophos applications were effective in reducing D. 
saccharalis damage (Table 1); however, a mean of 10.9% bored
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Figure 1. Mean weekly D. saccharalis larval infesta­
tion estimates for differing planting densities of sweet 
sorghum at St. Gabriel, La., 1984 and 1986.

















Table 1. Sweet sorghum planting stand e f fe c ts  on D. saccharalis larval su rvival, damage 
























Azodrin0 14.3 1.56 d 3.4 b 11.4 ab 3.6 b 4.2 b 8,564.9 a
8.6 1.86 c 4.0 b 11.6 a 11.8 ab 8.8 ab 6,139.7 cd
5.3 2.26 b 3.3 b 10.8 be 27.4 a 5.0 b 5,620.0 d
3.6 2.62 a 3.2 b 10.4 c 12.7 ab 2.9 b 4,337.5 e
No azodrin 14.3 1.58 d 10.5 a 12.1 a 9.4  ab 17.7 a 7,340.6 b
8.6 1.92 c 10.9 a 11.4 ab 10.7 ab 17.4 a 6,734.6 be
5.3 2.25 b 8.8 a 10.2 c 11.6 ab 9.3 ab 5,537.4 d
3.6 2.53 a 9.7  a 10.8 be 11.0 ab 8.0  ab 4,045.1 e
Mean separation w ith in  colum s followed by the same le t te r  are not s ig n if ic a n tly  d ifferen t at 
P > 0.05 using Duncan's (Duncan 1955) m ultiple range te s ts  w ith the weighted whole-subplot in ter­
action term.
d iam eter was measured in  the middle o f the th ird  intem ode from the base o f the p lant. 
^Based on D. saccharalis survival a fter  entry in to  sweet sorghum sta lk s .



















14 July 2 August 10 October
Figure 2. Mean sweet sorghum plant height (cm) in 
relation to sweet sorghum planting density at St. Gabriel, 
La., 1984.
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internodes represented the greatest damage incurred. Thus, 
differences in damage levels between treated and untreated 
plots were not sufficient to cause detectable total sugars 
yield differences, and greater yield was found only in the 
highest planting density (see Table 1). Altering planting 
densities provided the desired levels of stalk barrel sizes 
and as expected plant fiber content was greater in plants 
with smaller diameters. However, resulting D. saccharalis 
larval survival was approximately the same for all plant­
ing densities, and differences were not detected in 
D. saccharalis moth emergence levels despite a 2-fold 
greater number of moths emerging from the highest density 
plots when compared with the 3.6 plants/m treatment.
Sample size inhibited reliable estimates of beneficial 
predators. Thus, differences in total predators were not 
detected between plant stands.
Discussion
Sugarcane borer populations were not deleteriously af­
fected by decreased barrel size and associated higher fiber 
levels in sweet sorghum. Estimates of D. saccharalis larval 
populations and moth emergence levels were highest in un­
treated (no azodrin) plots with the greatest planting 
density. However, this increase in D. saccharalis larvae 
from plots with higher plant densities is probably not an 
indication that increasing stands would lead to greater pest 
problems. Moreover, several factors could have played an 
important role in the increased larval populations in the
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higher plant stands (e. g. , a preference for D. saccharalis 
moth oviposition in plots containing taller plants; moth 
preference for more dense planting stands due to decreased 
light penetration of the canopy; or greater predation in 
plots which contained fewer plants for individual predators 
to forage upon which could result in reduced searching time 
and increased predator efficiency). Previous predation 
studies in sweet sorghum have indicated the importance of 
predators in the natural control of this key pest (Fuller & 
Reagan 1988).
Because planting density and D. saccharalis population 
dynamics are not strongly related, other agronomic assess­
ments are of greater importance in determining appropriate 
plant stands. Significantly greater yields obtained from 
the highest planting density must be weighed against lodging 
problems. Although minor late season lodging occurred in 
this study, hand harvesting eliminated any yield loss 
attributed to lodging. In contrast, mechanical harvesting 
would be essential for farmers, and lodging could be a major 
consideration. Lodging is more probable in plots with 
higher densities, and was greatest in some of the highest 
density plots. Sweet sorghum plantings for concurrent 
studies used 5 to 8 plants per meter of row and follow 
current farming practices (Fuller et al. 1988).
Renewed interest in sweet sorghum as a feeder stock for 
ethanol production will require additional studies to deter­
mine effective cultural control practices. However, higher
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fiber content in 'Wray' sweet sorghum as a result of in­
creasing plant stand should not be considered as a cultural 
control strategy and other resistance mechanisms including 
rind hardness, and leafsheath appression should be consider­
ed in any future breeding programs for D. saccharalis 
resistance in sweet sorghum.
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SUMMARY
This research provides essential knowledge to adapt 
current sugarcane insect pest management strategies that may 
arise relative to the introduction of sweet sorghum into the 
south Louisiana sugarcane growing region. The development 
of an economic injury level of 10% D. saccharalis bored 
internodes will allow farmers to spray insecticides at the 
proposed economic threshold (leafsheaths of 5% of the stalks 
are infested with small D. saccharalis larvae). Thus, sweet 
sorghum producers will be treating when necessary, rather 
than on a schedule. This is the key principle of economic 
threshold concept. It will provide greater cost efficiency 
and reduce insecticide applications. Therefore, the 
utilization of this economic threshold will decrease 
excessive pesticide usage which causes environmental contam­
ination, as well as reduce selection pressures that hasten 
insecticidal resistance. Insecticidal control nevertheless 
is an essential tool in combatting the sugarcane borer. The 
insecticide screening study (Appendix B) assisted efforts in 
choosing the most efficacious pesticide. Also, this study 
aided in testing the proposed economic threshold.
Predatory faunal composition and relative population 
estimates gave supportive evidence of the tremendous value 
that several predator taxa have in the natural control of 
the sugarcane borer in both sugarcane and sweet sorghum. 
The red imported fire ant is by far the most abundant and
55
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effective predator in both crop systems. The stability of 
the perennial sugarcane tillage system in comparison with 
that found in sweet sorghum was probably the key factor in 
reduced £3. invicta populations. Sweet sorghum had signifi­
cantly greater populations of tiger beetles (Cicindellidae), 
predacious ground beetles (Carabidae), spiders (Araneae), 
lacewings (Chrysopidae) and minute pirate bugs (Antho- 
coridae) . Reduced f3. invicta populations were primarially 
responsible for the 4- and 16-fold fewer total predator 
estimates in sweet sorghum when compared with plant and 
first-ratoon sugarcane, respectively.
Sugarcane borer populations in sweet sorghum were less 
than those of sugarcane in both years. Under heavy 
D. saccharalis population pressures in 1986, predation ac­
counted for a 3-fold reduction in D. saccharalis damage in 
sugarcane. Similarly, a 2-fold reduction of damage was 
found in sweet sorghum in plots without predator suppres­
sion. Although D. saccharalis infestations were not as 
great in sweet sorghum, larval survival in plots with 
predator suppression was much increased when compared to 
that found in sugarcane. This indicates that smaller early 
season D. saccharalis populations could build-up in greater 
numbers in sweet sorghum than in sugarcane. Although, 
D. saccharalis moth emergence was much lower in sweet 
sorghum, predation was shown to reduce the number of moths 
in both crops by 50%.
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Increased larval survival after tunnelling inside sweet 
sorghum stalks is the only major factor which separates this 
crop from the tactics that would be used for growing a high­
ly susceptible variety of sugarcane. Due to this problem, 
careful scouting and treatment at the economic injury level 
will alleviate pest outbreaks and prevent massive dispersion 
into adjacent sugarcane.
The planting density studies revealed that high fiber 
in 'Wray' sweet sorghum is not detrimental to the survival 
of D. saccharalis larvae. Although, barrel size and fiber 
content can be manipulated by adjusting seeding rates to 
provide greater sweet sorghum planting stands, no relation­
ship to increased mortality in D. saccharalis populations 
was detected. Thus, plant stand manipulation was determined 
not to be an effective cultural control practice; and fur­
ther research is necessary to discern other D. saccharalis 
resistance mechanisms (e.g. rind hardness, leafsheath 
appression).
This research provides a sound perspective of D. 
saccharalis bionomics on sweet sorghum. Knowledge provided 
will assist in the implementation of insect pest management 
strategies and tactics for sweet sorghum in the sugarcane 
growing region of south Louisiana.
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Soil surface associated spiders of 
sweet sorghum and adjacent sugarcane

















Table 1. Mean nurber o f  s o i l  su rfa ce  a sso c ia te d  sp id ers  in  sweet sorghum and adjacent 
p la n t can e, c o l le c t e d  from b iw eekly  p i t f a l l  trap  sam ples, I b e r v i l l e ,  L a ., in  1985a .
Crop Treatment L ycos- C lubion- N e s t ic - L iny- T h er id i- Other
idae idae idae phidae idae Araneae
No chlordane 3 .3  a 0 .3  a 0 .1  a 0 .7  a 0 .5  a 0 .6  a
Sugarcane
Chlordane 1 .0  a 0 .1  a 0 .1  a 0 .2  b 0 .5  a 0 .3  a
No chlordane 5 .5  a 1 .1  a 1 .0  a 1 .6  a 0 .7  a 0 .6  a
Sweet sorghum
Chlordane 2 .8  b 0 .7  1 0 .0  a 0 .0  b 0 .1  b 0 .4  a
•
Crop e f f e c t s ** ** NS NS NS NS
Chlordane e f f e c t s ** NS NS ♦ ♦ * NS
Crop x  chlordane NS NS NS NS * NS
Means in  columns w ith in  crops fo llow ed  by the same l e t t e r  are not s ig n i f ic a n t ly  d i f ­
feren t (P > 0 .05  u s in g  the F s t a t i s t i c ;  NS = P > 0 .0 5 , * = P < 0 .0 5 , and ** = P < 0 .0 1 .





Small plot insecticidal screening study 
in sweet sorghum
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A field of sweet sorghum, Sorghum bicolor (L.) Moench., 
located on the St. Gabriel Experiment Station, near Baton 
Rouge, La., was divided into plots each containing 3 rows 
spaced 0.91 m apart by 13.6 m long (0.004 ha). Insecticide 
treatments for season-long control of D. saccharalis were 
assigned to plots according to a randomized complete block 
design of 4 replications. Each spray concentration was 
applied to the sorghum plant canopy in water with approxi­
mately 289.2 liters (76.6 gallons) per ha of finished spray 
mixture at 137.9 kPa (20 psi) with a knapsack sprayer. 
Insecticide applications were begun after internodes were 
visible above ground and when at least 5% of the stalks 
contained small D. saccharalis larvae in leaf sheaths of 
Azodrin treated plots. Two applications were made (Aug 25, 
Sept 15) . No soil applied insecticides were used. At 
harvest (Oct 7) two 15 stalk bundles were randomly taken 
from the center row of each plot. The stalks were examined 
for D. saccharalis entrance and exit holes. Insecticide 
efficacy was determined by comparing the percent internodes 
bored in treated plots with those taken from the untreated 
checks.
More than 60% suppression of season-long damage by D. 
saccharalis larvae was obtained with all insecticide 
treatments except Lorsban 4E applied at 1.12 kg [AI] ha (see 
Table 1). Azodrin 5L at 0.84 kg [AI] per ha was the most 
effective compound (82.8%) when compared to other tested 
compounds at indicated rates.
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Table 1. Sugarcane borer control in sweet sorghum 
using insecticidal treatments compared with check plots at 
St. Gabriel, La., 1986.
Percent
Treatment and kg [AI]/ha internodes Percent
bored control
Azodrin 5L 0.84 ........... ........ 2.6 a 82.8
Alsystin 4E 0.56 .......... . ....... 3.5 ab 76.8
Baythroid 2E 0.028 ........ • • • • • OO ab 68.2
Pydrin 2.4E 0.168 ................. 5.0 ab 66.9
Guthion 2EC 0.84 .......... ........ 5.7 ab 62.3
Asana 1.9EC 0.034 ................. 5.9 ab 60.9
Lorsban 4E 1.12 ........... . ....... 8.0 b 47.0
Untreated check............ ........ 15.1 c ----
Based on percent internodes bored in treated versus 
untreated (check).
Means followed by the same letter are not signifi­
cantly different at P < 0.05 according to Duncans' (1955) 
multiple range test.
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